Abstract Starchyplantfoodsareamajorcomponentinthedietofalmostallpeoples,particularlyhunter-gatherers such as Aboriginal Australians. However, the archaeological preservation of such plants is rare, as is other direct evidence of plant use by past peoples. While analysis of starchy residues preserved on artefactshasgainedacceptanceasaneffectivemethodforidentifyingstarchyplantuse,itisverydifficult usingthestandardmorphologicalmethodtoaccuratelyidentifystarchgrainsthathavebeendamagedby processingactivitiessuchasmillingorcooking.Therefore,amethodispresentedfortheidentificationof suchdamagedstarchgrainsusingthestainCongoRed,whichdyesdamaged(cookedorprocessed)but not undamaged starch. This method has been applied to identify cooking or milling activities in the subsistenceofhunter-gatherersfromsouth-eastQueensland,Australia.
Introduction
underthesupervisionofDrTomLoy.This work resulted in the establishment of a new method for determining cooking in archaeological plant residues, which was published (Lamb and Loy 2005) and then presented at the 2005 Australasian Archaeometry Conference. This paper provides a summary of the methods and archaeological applicationspublishedbyLambandLoy (2005) ,andexpandsuponthe2005publicationwithnewdata on taphonomic controls and additional images. It is published in this forum subsequent to Dr Loy's death,withacknowledgementforhisroleindevelopingthemethod. Lillie 1969) . This stain has been used in other studies as a general contrast stain for cellulose, amyloid fibrilsandagriculturalstarchproducts (Chouetal.2001; ConnandLillie1969; RameshandThranathan 1999) .However,itstainsproteinslikeamyloidfibrilsonlyinacidoralkalineconditions,soataneutral pH only starch and cellulose will stain (Badenhuizen 1965:86; Conn and Lillie 1969; Cortella and Pochettino 1994; Khurana et al. 2001 [pH2-4] ; Loy 1994:92; Mehta and Rajput 1998 [pH3.5] ; Reichert 1913) . Congo Red appears to react with the amylose in starch, which is exposed when grains are damagedbystructurelossandswollenwithwater,aswhentheyhavebeencooked.
The amylose in starch is based on the same monosaccharide molecule as cellulose (Figure 1 ). However,asFigure1shows,themoleculeisbondedinadifferentwayineach.Thereforebothcellulose, andstarchgrainsthathavebrokenbonds,willstainwithCongoRed,buttheirappearanceandstructure arevisiblydifferent,sotheycanbedifferentiatedunderthemicroscope. Methodology Inordertotesttheeffectsofthestain,itwasnecessarytouseitonbothexperimentalandarchaeological residues.Fortheexperimentalphase,threeplantswerechosenwhicheachhadhighstarchcontentand were present in south-east Queensland, and for all of which there are ethnohistoric accounts of their having been cooked and then pounded between stones byAboriginal people in this area. These plants were Alocasia macrorrhiza (elephant ear; see Brown 1893 , Roth 1901 , Thozet 1866 , Blechnum indicum (Bungwahlfern;seeThrelkeld1825,Watkins1891),andCastanospermum australe(MoretonBaychestnut; seeBanfield1908,Moore[citedinMaiden1900],Roth1901).Thestarchyrootorseedfromeachofthese plantswastaken,andrawsamplesweresmearedontoslides.Theremainingroot/seedwasthencooked in an electric frypan filled with sand (to simulate roasting as if in a fire), and cooked samples were smeared onto slides. Another specimen of the three plants was then taken, and part of each was processed when raw by pounding between two stones, then another part of each was processed in the samewayafterhavingbeencookedinafire(ondifferentdaysanddifferentplacesinthefencedareaof theUniversityofQueensland'sTARDISexcavationsite,soastoavoidcontamination).Aftertheresidues haddried,sampleswereextractedfromtheexperimentalstonesandplacedontomicroscopeslidesusing theprocedureoutlinedinLambandLoy ( :1435 ).
After microscopic examination of the characteristics of each of the raw, cooked, raw and processed,andcookedandprocessedstarchsamples,eachwasthenstainedwithCongoRed,usingthe procedureoutlinedinLambandLoy ( :1435 ),beingverycarefultotakeprecautionsagainst the possible carcinogenic properties of the stain. This was achieved mainly by wearing a lab coat and non-starch-powdered gloves, and sealing the slide covers once the stain was applied. The Congo Red solution used was originally made up by dissolving 50 mg of the powder into 50 ml of water; in this situation face masks and eye goggles were worn in addition to the lab coat and gloves. The solutions applied to the slides all had the low refractive index of water, to avoid confusion with the cross effects givenbynon-starchresidues,aspreviouslymentioned.
Archaeologicalresidueswereinitiallytakenfromthreebevel-edgedartefactsfromtheSouthern Curtis Coast (Figure 2 ). These artefacts were provided by Dr Sean Ulm, having been collected by him during his PhD research (Ulm 2006) . A further archaeological residue was recovered fromafourthbevel-edgedartefactwhichwasexcavatedfromashellmiddenontheGoldCoast (Robins etal.2005 ). Figure4.Bevel-edgedartefact2,surface-collectedfromanerodingcreeksectionatES1onthewesternbankofRoundHillCreek aspartoftheGGCHP,on3June2001.Scale=5cmunits.
Figure5.Bevel-edgedartefact3,found20mfromSquaresOandPattheIronbarkSiteComplex(ISC)aspartoftheGGCHP, on13February1998.ISCisanextensivestonequarry/shellmiddensitecomplexlocatedonthelowersouthernbankofMiddle Creekestuary,withdepositsdatedtothelast500years(Ulm2006:131).
Residueswereextractedfrommultiplepositionsoneachartefact,mainlyalongtheedgesandon the flat, bevelled surface. All archaeological residues were extracted using the procedure outlined in LambandLoy(2005 :1436 
Results
Samples of starch from the processed raw plants tended to stain light red in regular light and retained their cross effect in cross-polarised light, often as four dark points in their outline (Figure 6a and b) . Partially-cookedgrainsmayalsohavethisappearancewhenstained,butwouldhaveswollensomewhat, soifthespeciesoftheplantresidueisknown,thisdistinctioninactivitymaybedetermined.
The raw, unprocessed starch samples did not stain, unless they had been unintentionally damagedduringtheexperiments.However,thewell-cooked,gelatinisedgrainsstainedbrightred,often with either an orange-red or green-gold glow. These grains were not seen in regular light without staining,butapplicationofCongoRedrevealedthattheyhadswollenquitedramatically.Intheinstance ofMoretonBaychestnut(seeninFigures7-8),thegrainshadswollentoaroundtentimestheiroriginal size. Some pitting, layering and cracking can also be seen in the swollen grains (Figure 8 ). Generally, cookedgrainsdidseemtoretainenoughoftheirstructureforthemtomaintaintheirprimarilyroundor oval shape, although extensive swelling associated with heating appears to be able to change the morphology of grains somewhat (e.g. from round to oval-shaped; see Figures 7-8) and for a modified crosstoappear,asfourdarkerpointsintheiroutline,whenviewedincross-polarisedlight. Figure12.GelatinisedstarchgrainfromArtefact#2,400xmagnification,stained(a)transmittedlight(b)cross-polarised transmittedlight.
Figure13.Groupofstarchgrainsfromslopedface,Artefact#1 (transmittedlight,400xmagnification,stained).
Figure15.Gelatinisedstarchgrainfrombevelledface,Artefact #2(transmittedlight,400xmagnification,stained).
Figure14.Gelatinisedstarchgrainfrombevelledface,Artefact#1 (cross-polarisedtransmittedlight,400xmagnification,stained). The fourth archaeological artefact produced plant-dominated residues, with predominantly small starch grains (approximately 10-15 microns in diameter), many of which stained and hence were interpreted as having been processed or cooked. The grain shown below in regular transmitted (Figure 16a ) and cross-polarised light (Figure 16b ) was assessed as having been cooked because it was stained brightredwithamodifiedcrossintheoutline. Congo Red was observed to stain sclereids, tracheids, parenchymal tissue (Figure 17 ), wall thickenings, bordered pits ( Figure 18 ) and cellulose. However, while these stained red in regular light, theyusuallyappearedgreenoryellowincross-polarisedlight,ratherthanredaswasthecasewiththe starchgrains.
DiscussionofResults
Nothingsimilarinappearancetothegelatinisedstarchgrainswasobservedtostaininthesameway,and thestainedstarchgrainsthatwereconcludedtohavebeendamagedthroughprocessingwerealsoquite distinctive in appearance. It was therefore concluded that each artefact had most likely been used to processastarchyplantorplants,atleastoneofwhichwascookedtosomeextentbeforebeingprocessed. The described studies have therefore ascertained that Congo Red appears to be a feasible method for identifyingcookingandprocessinginpastsocieties. Figure18.Borderedpits(arrows)fromArtefact#2(cross-polarised transmittedlight,400xmagnification,stained).
TaphonomicStudies
Several brief taphonomic studies were also conducted to ascertain the extent of non-processing-related starch contamination on the stone artefacts. The possibility of ground contamination was tested by trampling a sterile (i.e. newly manufactured) tool into the ground where experimental processing was undertaken.Soilsamplesexaminedbeforeprocessingrevealedalmostnostarchgrains;afterprocessing starchwaspresentinthesoilandhencewasapotentialsourceofcontaminationiftoolsweretrampled intothesoil.Starchgrains,plantmaterialanddirtwererecordedonthetoolswhichweretrampledinto soiloftheprocessingarea,althoughonly23%ofthetotalrecordedontheprocessingtoolswaspresent (seeTable1,ToolType2). Thepossibilityofcontaminationthroughtouchwastestedbyhandlingcleanexperimentaltools after the user had processed each plant (Table 1, Tool Type 3). On these tools, starch grains and plant material were also seen and the quantity was about 13% of that seen on processing tools (see Table 1 ). All tools were subjected to the contamination mechanism for the same amount of time (ten seconds), butitislikelythatmoregrainswouldhavebeentransferredtothetoolsiftheyweresubjecttoalonger periodofexposureorhandling.
Lastly,thepossibilityofaircontaminationwastestedbyplacingacleanmicroscopeslideinthe openairneartheplacewhereprocessingoccurred;onlythreestarchgrainswerefoundonthisslide.
Therefore,itisconcludedthatcontaminationoftoolscanoccurthroughhandlingandtrampling. Use-wearanalysisprovidesapotentialmethodforidentifyingwhenthisisthecasewitharchaeological toolspreservingresidues.
It is possible that natural attacks on starch by enzymes in biologically active soils may cause damage that would stain with Congo Red. This possibility has not been tested as part of the current research. However it seems unlikely that enzyme attack would swell the starch grains in the way that cookingdoes.Althoughitmaybemoredifficulttodistinguishprocessingdamagefromenzymedamage, use-wearanalysisoftoolsshouldenableabetterunderstandingofwhetherthismaybethecase.Inboth cases further experimental studies may provide useful insights into the potentially confusing effect of enzymedamage.
ArchaeologicalImplications
TheuseofCongoRedwhenworkingwithstarchyresiduesfromarchaeologicalartefactsmeans that a cultural association may be more confidently made between the tool and its use in subsistence activity,particularlyplantfoodpreparation.ThisisbecauseCongoRedonlystainsstarchthathasbeen damaged,whetherthedamagehasoccurredthroughprocessingorthroughcooking,orboth,anddoes notstainundamagedgrains.ThereforetheuseofCongoRedcanmakeasignificantcontributiontothe preponderanceofevidenceforhumansubsistenceuseofanartefact.
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